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SUMMARY
In the current study we investigated whether the developmental status of 
the two largest follicles (LF1 and LF2) at the time of administration of the 
ﬁrst two doses (0 and 12 h) of FSH of a superovulatory treatment inﬂuences
periovulatory events and embryo yields in sheep. A larger size of LF1 was 
negatively correlated with embryo recovery (r=-0.608 for 0 h and r=-0.523 
for 12 h, p<0.05), fertilization (r=-0.464 for 12 h, p<0.05) and viability (r=-
0.775 for 12 h, p<0.005). Embryo viability rates were also lower when a 
higher difference between LF1 and LF2 (r=-0.839 for 0 h and r=-0.761 for 
12 h, p<0.01) and a smaller size of LF2 (r=0.877 for 0 h and r=0.622 for 12 h, 
p<0.01) were observed. This indicates the existence of a limit in the follicular 
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size that will be able to give rise a viable embryo. Conversely, a larger size of 
LF2 at the time of administration of the ﬁrst two FSH doses was correlated
with reduced recovery rates (r=-0.884 for 0 h and r=-0.706 for 12 h, p<0.01), 
whilst a decreasing size of LF1 and LF2 was correlated with an increased 
ovulation rate and recovered embryos. The dominance effect appeared to 
affect the timing of the preovulatory LH surge. Ewes with a higher difference 
between LF1 and LF2 displayed earlier LH surges (r=-0.420 for 0 h and 
r=-0.401 for 12 h, p<0.05) which were related to a higher number of non 
viable embryos (r=-0.777, p<0.05). The fact that superovulatory yields were 
affected by, both LF1 and LF2 supports the hypothesis of co-dominance 
effects in sheep. Reproductive Biology 2006 6 (3):243–264. 
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INTRODUCTION
Most of the studies focused on the elucidation of the effect of follicular 
dominance  in  sheep  agree  on  its  existence  [14,  19,  43],  although  they 
indicate different patterns from those previously described for cattle [18]. 
First, in cows, dominance is exerted throughout the entire oestrous cycle 
[16]. In sheep, clear effects of dominance have been found only during 
the early luteal [43, 46, 47], late luteal and follicular phases [13, 26, 43]. 
Second, unlike heifers, dominant follicles in sheep do not suppress follicular 
recruitment, although the growth of both contemporary and newly-recruited 
follicles is depressed in later stages of development [13, 26].
The effect of dominant follicles is mainly exerted at a systemic level [47], 
although some ﬁndings suggest that local factors are also involved [31].The
establishment of systemic dominance relies on the secretion of estradiol 
and inhibin A by large follicles. Both hormones, by a negative feed-back, 
induce a low availability of FSH [37], leading to the atresia of concomitant 
gonadotrophin-dependent follicles [7]. Some studies support the action of 
several molecules modulating the response of theca and granulosa cells to 
low availability of FSH [2, 40], but some studies in sheep showed that large 
follicles avoid their own atresia by changing their dependence from FSH 
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to LH [7]. However, when LH levels remain low, e.g.: in anestrus or in the 
presence of a corpus luteum [1], dominance cannot be exerted explaining 
why dominance is weakened during the mid-luteal phase in sheep.
The supply of high FSH levels in superovulatory protocols overrides systemic 
dominance effects and enhances the growth of the gonadotrophin-responsive 
follicles [47]. In practice, superovulated sheep are treated with intravaginal 
progestagens for estrus synchronization. Progestagens are known to reduce 
LH pulsatility [32], which contributes to breaking systemic dominance effects. 
Thus, superovulated sheep may provide a good model for studies on follicular 
function and ovarian physiology. Previous studies from our laboratory have 
shown that the presence of a dominant follicle at the beginning of an FSH 
superovulatory treatment decreases both the number and viability of recovered 
embryos, although ovulation rate remains unaffected [29]. Possible explanations 
for this inhibitory effect may be related to alterations in: a/ follicular and oocyte 
development during the superovulatory treatment, b/ endocrine events during 
the periovulatory period (onset of estrus, characteristics of the LH surge and 
ovulation processes), c/ early embryo development processes. Our studies 
have also shown that dominance effect in superovulated sheep is weakened 
both in anestrous and in the presence of corpus luteum [CL; 27, 30].
Thus, the objective of our study was to determine possible effects of the 
presence of presumptive dominant follicles at the beginning of the FSH 
superovulatory treatment on the onset of estrus behavior, characteristics of 
the LH preovulatory surge and ovulatory/embryo outputs in cycling sheep 
with the oestrous cycle synchronized to avoid the presence of corpora lutea 
and assure maximum inhibitory effects from dominant follicles.
MATERIALS AND METHODS
Animals and treatment
Data were obtained from a total of 43 Manchega ewes, a Mediterranean 
dairy breed with a mean ovulation rate of 1.4 [23]. Sheep, four to seven 
years old, were maintained outdoors with access to indoor facilities at the 
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experimental farm of the INIA Animal Reproduction Department in Madrid, 
Spain, latitude 40º N, which meets the requirements of the European Union 
for Scientiﬁc Procedure Establishments. The experiment was performed
under Project Licence from the INIA Scientiﬁc Ethic Committee.
The experimental procedure was conducted during the breeding season 
to avoid effects of low LH levels during anestrous. To prevent low levels 
of LH induced by the presence of a corpus luteum during the progestative 
treatment, all the sheep were treated with two doses of 125 µg im cloprostenol 
(Estrumate®, Mallinckrodt Vet GmbH, Friesoythe, Germany), given 10 days 
apart. On the day after the second cloprostenol (Day 0), ewes were treated 
with an intravaginal progestagen impregnated sponge (40 mg ﬂuorogestone
acetate, FGA, Chronogest®, Intervet International, Boxmeer, The Netherlands) 
replaced by a new one that was maintained from Day 7 to Day 14. Next, 
ewes were treated with a dose of 125 µg im cloprostenol coincidentally 
with the ﬁrst FSH injection. Superovulatory treatment consisted of eight im
decreasing doses every 12 h (1.5 ml ×3, 1.25 ml ×2, and 1 ml ×3) of FSH 
(OVAGENTM, ICP, Auckland, New Zealand) starting on the morning of Day 
12. Progestagen removal was coincident with the 6th FSH injection. The 
superovulatory treatment was routinely used in our laboratory [25].
Assessment of ovarian status at FSH treatment
At the two ﬁrstFSHdoses(0and12h),diametersofﬁrstandsecondlargest
follicles (identiﬁed as LF1 and LF2, respectively) were determined by 7.5
MHz transrectal ultrasonography (Aloka SSD-500, Ecotron, Madrid, S), 
as previously described [49] and validated in our laboratory [24].
Detection of the onset of estrus behavior
Estrus detection was performed every 3 h from 18 to 60 h after sponge 
withdrawal, using adult rams at a rate of one ewe/one male. When a 
sheep was detected in estrus, mating was allowed and repeated 12 h later. 
Thereafter, sheep remained with rams at a rate of one ram/six ewes for two 
additional days following the second mating.
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Determination of the kinetics of the LH preovulatory surge
The characteristics of the LH peak, due to management necessities, were 
determined  only  in  33  sheep.  Blood  samples  were  collected  from  these 
females every 3 h from 18 to 60 h after progestagen withdrawal, using vacuum 
blood  evacuation  tubes  with  heparin  (Vacutainer  Systems  Europe  5  ml, 
Becton Dickinson, Meylan Cedex, France). Thereafter, blood samples were 
centrifuged at 1500×g for 15 min and plasma was stored at -20ºC until assayed 
for LH. Plasma LH concentrations were determined by radioimmunoassay as 
previously described [38]. The assay sensitivity was 0.2 ng/ml and intra- and 
interassay coefﬁcients of variation were 9.4% and 12.3% respectively.
Time of the onset of LH surge was deﬁned as the nadir point before LH
concentration exceeded an increase of 10% over the basal LH concentration. 
In the same way, time of conclusion of LH surge was deﬁnedasthenadirpoint
after LH concentration exceeded for the last time an increase of 10% over the 
basal LH concentration. Time of maximum LH surge was determined as the 
point of highest LH concentration during the sampling period. Duration of the 
LH surge was determined by difference between the end and onset of the LH 
surge. The area under the plasma concentration curve (AUC) for each ewe was 
calculted by the method of trapezoids [45]. Basal LH concentration for each 
ewe was calculated as the mean of the LH concentrations determined over 
sampling time, except concentrations included in the LH surge.
Assessment of ovulation and embryo recovery
The ovarian response in terms of number of CL was assessed by laparoscopy 
on Day 7 after the sponge withdrawal under general anaesthesia with xylazine 
(Rompun®, Bayer Ag, Leverkusen, Germany, 6 mg im) and ketamine (Imalgène 
1000, Merial, Lyon, France, 130 mg im). Thereafter, embryos were obtained 
from the uterus by surgical access, as previously described [27].
Indexes of the superovulatory response
Embryo viability was evaluated just after recovery, by morphological criteria 
[41]  and  by  correlation  between  the  stage  of  development  and  the  time 
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after ovulation. Thus, embryos for which the stage of development did not 
correspond to the time after ovulation were considered as retarded embryos.
Afterwards, developmental competence of embryos was determined 
by assessing their progress to hatched blastocysts in a deﬁned media;
TCM199 supplemented with 10% fetal calf serum, 1% L-glutamine and 
1% antiobiotic-antimycotic solution (Sigma Co.). The embryos recovered 
from the uterus were incubated after their retrieval. In vitro development 
of embryos was assessed with an inverted microscope (Nikon Eclipse 
TE300, Tokyo, Japan) until hatched stage.
In each ewe, both the number of CL and the number of anovulatory 
follicles  were  counted  at  laparoscopy.  After  embryo  recovery,  we 
considered the number of total recovered (TE), viable (VE) and non viable 
(NVE) oocytes/embryos, unfertilized oocytes (NFO), and fertilized (FE), 
degenerated (DGE) and retarded embryos (RTE). Subsequently, after in 
vitro culture (IVC), the number of viable embryos and the day of hatching 
of each embryo were also evaluated.
The rate of recovery was obtained by dividing, in every sheep, the 
total number of TE by the total number of CL. Rates of viable, fertilized, 
unfertilized, degenerated and retarded embryos were obtained by dividing 
the number of VE, NFO, DGE or RTE, respectively, by the total number of 
TE. Finally, the viability rate after IVC resulted from dividing the number 
of hatched embryos after IVC by the number of cultured embryos. All 
rates are expressed as percentages.
Statistical analysis
In this study we evaluated the interrelationships between 1/ the timing 
of the ﬁrst estrus signs and the LH surge kinetics (timing of onset and 
conclusion, and length of the preovulatory surge; basal and maximum LH 
concentrations and the AUC); and 2/ the endocrine (onset of estrus and 
LH surge kinetics) and the ovarian response (superovulatory yields) to 
the superovulatory protocol. Data were analyzed by Pearson correlation 
analysis  and  linear  regression  procedures  followed  by  Spearman  non-
parametric correlation tests.
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Then, the effect of the follicular status at the beginning of the FSH 
treatment on endocrine and ovarian responses was examined by assessing: 
1/ the presence or absence of a ≥6 mm follicle at the times of administration 
of the ﬁrstandsecondFSHdose,2/thesizeofthetwolargestfollicles(LF1
and LF2) at the time of the two ﬁrst FSH doses, and 3/ the development
of LF1 and LF2 between the ﬁrst and the second FSH dose (growing,
decreasing or static phase). Data were submitted to analysis of variance 
(ANOVA) followed by Kruskall-Wallis test when Levene’s test showed 
non-homogeneous variances. Pearson and Spearman correlation analyses 
were  carried  out  to  assess  possible  correlation  between  the  size  and 
size-differences of LF1 and LF2 at the ﬁrst and second FSH dose and
the time of estrus detection, the characteristics of preovulatory LH surge 
and the superovulatory indexes. Statistical analysis of data expressed as 
percentages was performed after arcsin transformation of each individual 
percentage. All results were expressed as mean±SEM and the statistical 
signiﬁcance was accepted from p<0.05.
RESULTS
Endocrine and ovarian response to the administration of FSH
Signs of onset of estrus behavior were detected at 31.6±1.3 h after sponge 
withdrawal (ranging from 20 to 50 h) in 97.6% of the ewes studied (42/
43). Ninety three percent of the treated ewes ovulated (40/43) and 81.4% 
(35/43) of them superovulated, showing ≥3CL in response to the FSH 
treatment. The preovulatory LH surge, studied in 33 sheep, was only 
detected in 27 ewes (81.8%). All ewes, in which LH surge was detected, 
ovulated (27/27, 100%) and 26 superovulated (96.3%). However, we 
found that the LH peak, although not detected, must have occurred in 
ﬁve of the six remaining sheep. All these ewes were found ovulated,
although with low ovulatory response (ranging from 1 to 3 CL). The 
characteristics of the LH peaks in all 27 sheep in which the LH surge 
was detected and the relationships between studied features are shown 
Veiga-Lopez et al.250
in Table 1. A signiﬁcant correlation was found between the onset of
estrus behavior and the timing of the preovulatory LH surge in these 
ewes; sheep with earlier estrus behavior had earlier LH surges. Higher 
basal LH concentrations around estrus were correlated with delayed and 
shortened LH surges exhibiting higher amplitudes. Analysis of kinetics 
of the LH peak also showed that a later onset of the LH surge shortened 
the duration of the LH surge, but no direct correlation was observed 
between the timing and amplitude of the LH peak.
The sheep that superovulated (n=35) in response to the FSH treatment 
showed a mean ovulation rate of 18.8±2.3 CL. Two sheep with more than 
50 CL were identiﬁed as nonconforming cases in the statistical study
and excluded from subsequent analysis. The superovulatory yields for 
the remaining 33 animals are detailed in Table 2. Positive correlations 
were found between ovulation rate and the number of recovered (r 
Table 1. Characteristics of the preovulatory LH surge in sheep (n = 27) treated 
with a multiple-dose FSH treatment for embryo production
PREOVULATO-
RY LH SURGE
MEAN ± 
SEM
RANGE
CORRELATIONS (r)
Estrus
behavior
Basal LH
level
Duration 
of the LH 
surge
Onset of the LH 
surge (h)
33.6±1.7 20.0-50.0   0.636** 0.732* -0.751*
Time of the max 
LH (h)
40.4±1.6 23.0-59.0 0.619* ns ns
End of the LH 
surge (h)
50.5±1.2 38.0-59.0 0.553* ns ns
Duration of the 
LH surge (h)
18.8±1.1  9.0-27.0 ns    -0.650‡ nd
Max LH (ng/ml) 33.0±4.5   7.0-129.9 ns 0.781* ns
AUC (ng/ml) 164.9±19.2 14.8-435.3 ns ns ns
Basal LH level 
(ng/ml)
  0.9±0.1  0.55-1.59 ns nd -0.650‡
*p<0.05; **p<0.005; ***p<0.0005; ‡p=0.05, ns: not signiﬁcant; nd: not determined; h: hours after
sponge withdrawal; max LH: maximal LH level during the LH surge; AUC: area under the plasma 
concentration curve
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Table 2. Mean (± SEM) and ranges of the superovulatory yields in sheep (n = 33) 
responding to a multiple-dose FSH treatment for embryo production
SUPEROVULATORY YIELDS MEAN±SEM
RANGE
Min Max
Number of corpora lutea 17.3 ± 1.9 3.0 45.0
Number of anovulatory follicles 2.2 ± 0.7 0 15.0
Number of total recovered embryos 10.4 ± 1.3 0 29.0
Recovery rate 0.7 ± 0.1 0 1.0
Number of viable embryos 
(morphological criteria)
4.6 ± 0.9 0 19.0
Number of non viable embryos
(morphological criteria)
5.6 ± 1.8 0 24.0
Viability rate
(morphological criteria)
0.5 ± 0.1 0 1.0
Number of fertilized embryos 6.3 ± 0.1 0 19.0
Fertilization rate 0.6 ± 0.1 0 1.0
Number of unfertilized embryos 4.9 ± 1.3 0 29.0
Unfertilization rate 0.4 ± 0.1 0 1.0
Number of degenerated embryos 0.6 ± 0.2 0 4.0
Degeneration rate 0.1 ± 0.1 0 0.5
Number of retarded embryos 1.1 ± 0.5 0 16.0
Retardation rate 0.1 ± 0.1 0 1.0
Number of viable embryos
(after in vitro culture)
4.9 ± 1.0 1.0 10.0
Viability rate 
(after in vitro culture)
0.9 ± 0.1 0.3 1.0
Hatching day
(after in vitro culture)
2.7 ± 0.5 1.0 6.0
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= 0.956, p<0.0001) and fertilized (r = 0.847, p>0.05) embryos. The 
number of unfertilized, degenerated and retarded embryos was also 
positively correlated with ovulation rate (r = 0.852, p<0.05, r = 0.400, 
p<0.05 and r = 0.820, p<0.005, respectively); although the viability 
rate, determined by both, morphological features at recovery and after 
IVC, was inversely related to the CL number (morphological criteria: r 
= -0.679, p<0.05; after IVC: r =-0.714, p<0.0005). The day of hatching 
of in vitro cultured embryos, inversely related to viability rate (r = -
0.671, p<0.00001), was delayed in sheep with higher ovulation rates (r 
= 0.872, p<0.00001).
Effects of the onset of estrus behavior and the kinetics of LH surge on 
superovulatory yields
There was no inﬂuence of the timing of estrus or LH surge on the ovulation
rate and number of recovered embryos, but both affected indexes of embryo 
viability. The total number and the relative rate of fertilized embryos and 
the viability rate after IVC were related to onset of heat signs, being higher 
when estrus behavior occurred later (r=0.793, p<0.05 and r=0.631, p<0.01 
and r=0.663, p<0.0005, respectively). In contrast, sheep showing earlier 
signs of estrus showed an increased number of degenerated embryos (r=-
0.556, p<0.05).
The correlation analysis between LH surge and superovulatory yields 
showed two main effects (ﬁg. 1). First, ewes characterized by LH surges
with later onset, shorter duration and higher AUC demonstrated higher 
rates of recovery, fertilization and viability. Due to a higher number of 
degenerated embryos and a lower viability rate after IVC, surges of LH 
occurring  earlier,  lasting  longer  and  with  lower AUC  were  positively 
correlated with a decreased number of nonviable embryos at recovery. On 
the other hand, we have to note that the number of anovulatory follicles 
was inversely related to the duration of the LH surge. There were positive 
correlations  between  basal  LH  concentration  during  the  periovulatory 
period and fertilization and viability rates.
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EARLIER LH SURGES r LATER LH SURGES r
Degenerated embryos 0.521* Recovery rate 0.772*
Non viable embryos 0.777* Fertilization rate 0.657**
Later hatching day 0.562***
Embryo viability rate 
(morphological criteria)
0.537*
Embryo viability rate 
(after IVC)
0.461**
LONGER LH SURGES r SHORTER LH SURGES r
Later hatching day 0.652*** Anovulatory follicles 0.530*
Embryo viability rate
(after IVC)
0.980***
HIGHER LH AUC r LOWER LH AUC r
Later hatching day 0.559*
Embryo viability rate
(after IVC)
0.678***
Figure 1. Schematic representation of two different patterns of LH surge. The 
A curve represents LH surges occurring earlier, lasting longer and with lower 
AUC. The B curve represents LH surges occurring later, lasting shorter and with 
higher AUC. Relationships between main characteristics of the preovulatory LH 
surge (onset, duration and area under the LH plasma concentration curve – AUC) 
and superovulatory yields are shown on the table below the ﬁgure. *p< 0.05, 
**p<0.005, ***p<0.0005.
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Effects of follicular status on estrus behavior, LH surge and indexes of 
ovulatory response
Statistical analysis did not show any effect of the follicular status recorded 
at the beginning of the superovulatory treatment (presence/absence of a 
follicle ≥6 mm, size and developmental stage of the two largest follicles) 
on the timing of estrus behavior. On the other hand, the preovulatory LH 
surge occurred earlier in those ewes showing a higher difference in the size 
of the two largest follicles (LF1 and LF2) at the ﬁrst (r=-0.420, p<0.05)
and second FSH dose (r=-0.401, p<0.05).
The follicular status observed at the beginning of the superovulatory 
treatment also affected the ovulation rate, recovery rate and number of 
total embryos recovered. The presence of large presumptive dominant 
follicles at the time of administration of the ﬁrst two FSH doses did not
inﬂuence the ovulation rate (ﬁg. 2), but decreased recovery rate thereafter.
The developmental stage of both largest follicles also affected ovulatory 
responses,  the  number  of  corpora  lutea,  and  the  number  of  recovered 
embryos, were higher in sheep with the largest follicles in decreasing 
phases.
Effects of follicular status on indexes of embryo viability
Embryo viability was  also  affected by  the follicular population at the 
beginning of the FSH treatment. Lower embryo yields were found when 
a larger LF1 or a higher difference between LF1 and LF2 were recorded 
(ﬁg. 3). Conversely, although a larger  LF2  decreased  recovery  rates, 
higher rates of fertilized, retarded and viable embryos were achieved in 
the presence of larger LF2. Furthermore, the development of both largest 
follicles between the two ﬁrst FSH doses also affected embryo viability.
The decreasing size of LF1 or LF2, recorded between the two ﬁrst doses
of FSH, induced a higher number of fertilized embryos when compared to 
the unchanged (static phase) or growing follicles. However, later embryo 
development was impaired. Thus, higher rates of retarded embryos, lower 
embryo viability after IVC and delayed hatching day were recorded when 
LF1 or LF2 were in the decreasing phase.
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Figure 2. Schematic representation of effects of the follicular status recorded at start 
of the FSH treatment on ovulatory and recovery rates. The developmental stage of 
the two largest follicles (LF1 and LF2) was considered: 1/ growing (GR) when LF1 
and/or LF2 grew in size between the1st and the 2nd FSH administration, 2/ decreasing 
(DC) when follicles decreased in size between the 1st (0 h) and the 2nd (12 h) FSH 
administration, or 3/ static (ST) when size of the follicles remained unchanged 
between the 1st and the 2nd FSH administration. Left side: follicular events leading 
to lower ovulatory and recovery rates; right side: follicular events leading to higher 
ovulatory and recovery rates. The presence vs absence of a follicle ≥ 6 mm at 1st and 
the 2nd FSH administration were also studied. *p< 0.05, **p<0.005, ***p<0.0005.
LOWER OVULA-
TION RATE
HIGHER OVULA-
TION RATE
LF1: GR vs ST 18.7 ± 1.1* vs 10.4± 1.3 LF1: DC vs ST 25.5 ± 2.2 vs 10.4 ± 1.3*
LF2: DC vs ST 29.3 ± 2.3 vs 13.8 ± 1.2**
LOWER 
RECOVERY RATE r
Higher LF1 (0 h) -0.608*
Higher LF1 (12 h) -0.523*
Higher LF2 (0 h) -0.884*
Higher LF2 (12 h) -0.706*
LOWER NUMBER 
OF RECOVERED 
EMBRYOS
r
HIGHER NUMBER 
OF RECOVERED 
EMBRYOS
Presence vs. absence 
of follicle ≥ 6 mm (1st) 7.2 ± 0.9 vs 13.3 ± 1.8* LF1: DC vs ST 24.0 ± 0.5 vs 11.5 ± 1.4*
Presence vs. absence 
of follicle ≥ 6 mm (2nd) 7.4 ± 0.8 vs 14.3 ± 1.9** LF1: DC vs GR 24.0 ± 0.5 vs 8.2 ± 0.9*
Higher LF1 (0 h) -0.532* LF2: DC vs ST 22.0 ± 2.0 vs 10.7 ± 1.1*
Higher LF1 (12 h) -0.867** LF2: DC vs GR 22.0 ± 2.0 vs 6 ± 2.0*
Higher LF2 (12 h) -0.553*
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HIGHER LF1 r HIGHER LF2 r
At 12 h Lower fertilization 
rate -0.464* At 0 h Lower 
unfertilization rate -0.442t
At 12 h Higher degenerated 
embryos 0.509* At 12 h Lower rate of 
retarded embryos -0.209t
At 12 h Lower viability rate
(after IVC) -0.775*** At 0 h
Higher 
viability rate 
(morphological 
criteria)
0.877*
At 12 h Later hatching day 0.753*** At 12 h
Higher viability 
rate (morphologi-
cal criteria)
0.622*
At 12 h Higher viability 
rate (after IVC) 0.530***
HIGHER LF1-LF2 
DIFFERENCE r
At 0 h Lower fertilized 
embryos -0.439t
At 0 h Lower fertilization 
rate -0.437t
At 0 h
Lower viability 
rate (morphological 
criteria)
-0.839**
At 12 h
Lower viability 
rate (morphological 
criteria)
-0.761*
At 12 h Later hatching day 0.617***
At 12 h Lower viability rate
(after IVC) -0.612***
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LF1 DECREASING VS GROWING
Higher retarded 
embryos 16 ± 0.6 vs 0.75 ± 0.6**
Higher  
fertilized 
embryos
16 ± 0.6 vs 7.0 ± 1.2*
Higher rate 
of retarded embryos  66.7 vs 9.6%*
LF1 DECREASING VS STATIC
Higher rate 
of retarded embryos  66.7 vs 10.5%*
Lower viability rate
(after IVC) 55.6 vs 100%***
Later hatching day 4.2 ± 2.3 vs 2.1 ± 0.3*
LF2 DECREASING VS GROWING
Lower viability rate
(after IVC) 67.8 vs 100%**
Higher  
fertilized 
embryos
14.0 ± 1.4 vs 2.5 ± 0.6*
Later hatching day 3.6 ± 0.6 vs 1.7 ± 0.3**
LF2 DECREASING VS STATIC
Higher retarded 
embryos
9.5 ± 0.7 vs 0.84 ± 
0.4**
Higher  
fertilized 
embryos
14.0 ± 1.4 vs 7.8 ± 0.8t
Lower viability rate
(after IVC) 67.8 vs 100%**
Later hatching day 3.6 ± 0.6 vs 2.0 ± 0.3**
Figure 3. Schematic representation of effects of the follicular status at start the 
FSH treatment on embryo fertilization and viability. The developmental stage of 
the two largest follicles (LF1 and LF2) was considered: 1/ growing (GR) when LF1 
and/or LF2 grew in size between the1st (0 h) and the 2nd (12 h) FSH administration, 
2/ decreasing (DC) when follicles decreased in size between the 1st and the 2nd 
FSH administration, or 3/ static (ST) when size of the follicles remained unchanged 
between the 1st and the 2nd FSH administration. Upper left panel: follicular events 
leading to lower embryo viability; upper right panel: follicular events leading to 
higher embryo viability; lower panel: comparisons between GR, DC and ST groups. 
IVC: in vitro culture. t=0.07, *p<0.05, **p<0.005, ***p<0.0005.
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DISCUSSION
The results of correlation analysis performed in the current study indicate 
that  embryo  yields  in  superovulated  sheep  are  deeply  affected  by  the 
characteristics of the preovulatory LH surge. Moreover, they show that 
the LH peak is inﬂuenced by follicular status, and the existence of effects
of follicular dominance at the beginning of the superovulatory treatment. 
The present study clearly supports the existence of dominance effects in 
sheep. The lack of corpus luteum at the beginning of the superovulatory 
treatment contributed to the maximal manifestation of follicular dominance 
and emphasizes the importance of the current results. This is because 
corpus luteum has been found to mitigate the negative effects exerted by 
the presence of a dominant follicle [29]. Superovulatory outputs in the 
current trial were found to be markedly affected by the developmental 
stage of the potential dominant and subordinate follicles. We found lower 
superovulatory outputs in ewes bearing large follicles in a growing phase 
and smaller follicles from the same cohort. Moreover, the data indicate 
that dominance can be also exerted by a second large follicle which is the 
ﬁrst evidence of co-dominance in superovulated sheep.
A presence of large follicles at the beginning of the superovulatory 
treatment in sheep, examined by laparoscopy or ultrasonography, showed 
its negative effect on both embryo recovery and viability rates [27]. In the 
present paper, a larger size of the largest follicle at the beginning of FSH 
treatment was correlated with a decreased both embryo number and embryo 
viability at recovery. The data supported and reinforced previous ﬁndings.
The morphological evaluation of embryos used previously is considered 
as an adequate technique for assessment of embryo viability [41], but in 
vitro culture has been found to be a more reliable index of developmental 
embryo competence [33]. In the current study, the in vitro developmental 
competence of recovered embryos was negatively correlated with a larger 
size of the LF1. This was reﬂected by a lower hatching rate and a delayed
hatching  day  -  parameters  related  to  decreased  embryo  viability  [10]. 
Moreover, lower fertilization rate was also found to be correlated with 
larger LF1s which has been related in sheep and cattle to an extended 
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period of dominance [sheep: 15; cattle: 6, 44] and higher plasma estradiol 
concentrations [3].
It  was  reported  previously  that  a  higher  difference  between  the 
two largest follicles (LF1 and LF2) is a reliable indicator of follicular 
deviation. This fact is considered to be the morphological evidence for 
follicular selection within a follicle cohort [21] implying the subsequent 
appearance of dominance effects [20]. The detection of detrimental effects 
on embryo yields related to a higher difference between the two largest 
follicles would reinforce the hypothesis of the existence of dominance 
during superovulation.
Superovulatory yields in the current study were also affected by the 
size of LF2 by itself, since a smaller size of LF2 at the beginning of the 
superovulatory FSH treatment decreased fertilization and later embryo 
viability. Follicle size has been found to be one of the main determinants 
of oocyte quality and further embryo development [51]. Several studies, 
developing  in  vitro  embryo  production  in  cattle,  have  reported  lower 
blastocyst yields from oocytes derived from small follicles [4, 42], since 
size of subordinate follicles after an FSH treatment compromised later 
embryo development [35]. The fact that a very small size of LF2 limits 
embryo viability rates suggests the importance of the size range from 
which follicles could be stimulated not only to ovulate, but also to give 
rise a viable embryo [9]. Reinforcing this hypothesis, we found lower 
viability rates in ewes with higher ovulation rates. This has been related to 
an induced recruitment of follicles that are too small to develop adequately 
and allow oocyte maturation during the FSH treatment, but were still 
able to ovulate [11]. Moreover, a recent study identiﬁed the size limit for
follicles producing viable oocytes in sheep to be 3 mm [52], with ovulation 
of 2 mm follicles being related to higher embryo degeneration rates.
The  evaluation  of  the  changes  in  size  and  developmental  stage  of 
both  large  follicles  (LF1  and  LF2)  allowed  us  to  distinguish  between 
morphological and functional dominance [8], since size alone is not a 
sufﬁcient criterion for establishing a large follicle as dominant [50]. In this
way, we found decreased ovulation rates in ewes bearing a growing LF1 
in comparison with ewes bearing static or decreasing LF1s, which could 
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be due to the active dominance exerted by a growing LF1. In spite of the 
negative effects of a smaller size of LF2 on embryo viability, we also found 
that embryo recovery was negatively inﬂuenced by a larger size of LF2.
The developmental stage of LF2 was also decisive; the presence of an LF2 
in a decreasing phase was related to higher rates of ovulation, recovery 
and fertility. Presence of both largest follicles in decreasing phase (i.e.: in 
an inter-wave period with absence of dominance effects) would provide 
better conditions for recruitment and development of follicles [47] and 
later ovulation [5, 47, 48] in response to FSH treatment. Effects from LF2 
in the current study provide the ﬁrst evidences of co-dominance effects
in  superovulatory  treatments.  Co-dominance,  hypothesized  from  data 
obtained in synchronized ewes ovulating multiple follicles [12], is deﬁned
by the absence of deviation, and sharing of dominance, between two large 
follicles during the follicular phase [17]. However, studies regarding co-
dominance in ruminants have been restricted to follicular relationships 
[follicle dynamics and hormones; 22, 34, 36], without reports on later 
embryo development.
To our knowledge, no previous reports regarding effects from follicular 
status at the beginning of the superovulatory treatment on LH timing has 
been reported to date in sheep. Our results show that the beginning of 
the preovulatory LH surge is affected by follicular status at start of the 
superovulatory treatment and that ewes with a higher difference between 
the two largest follicles at the beginning of the superovulatory treatment 
showed earlier LH surges.
In this study, two different patterns of preovulatory LH surges showed 
different effects on superovulatory yields; 1/ earlier and longer LH surges 
and 2/ later and shorter LH surges. The ﬁrst proﬁle was related to a higher
number of degenerated embryos and a lower viability rate after IVC, which 
is in agreement with a previous report where premature induction of the 
preovulatory surge with GnRH was associated with a decrease in fertility 
rate [53]. On the other hand, ewes showing later LH surges reached better 
fertilization and viability rates both at recovery and after IVC. An extended 
period from selection of ovulatory follicles to preovulatory LH surge would 
allow an increased time for the ﬁnal maturation of follicles, essential for
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achievement of their full developmental competence [39]. These ﬁndings
are  also  consistent  with  several  authors  reporting  that  a  delay  in  the 
exposure to LH of follicles stimulated by exogenous FSH increases both, 
the number of ovulations and viable embryos [9, 28]. However, differences 
in superovulatory yields between sheep with and without large follicles are 
not entirely explained by differences in LH patterns, which implies the 
necessity of studies focused on follicular and oocyte function.
In conclusion, dominance effects, previously described for sheep, were 
found to be even stronger in sheep with higher size differences between 
the largest and the second largest follicle or with a large follicle in growing 
or static phase (i.e. during the period of establishment or maintenance of 
dominance). An  overly  small  size  of  subordinate  follicles  was  related 
to a decreased embryo developmental competence but, conversely, the 
presence of a second large follicle was also related to detrimental effects. 
This effect was strikingly determined by its developmental stage, being 
stronger in follicles in a growing or static phase strongly supporting the 
hypothesis of the existence of co-dominance effects in sheep, like in other 
mammals. Some of these effects may be mediated through changes in LH 
preovulatory patterns, but there was also evidence of inﬂuenceonfollicular/
oocyte function. These results are relevant not only for the knowledge of 
the existence of mechanisms of dominance effects and improvement of 
protocols for ovarian stimulation in sheep but may also be the basis for 
similar studies in other mammals including humans.
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